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(57) Abstract: In the assembly of an electronic circuit module having a baseplate (10) and circuit components (16, 19, 21) mounted 
on said baseplate in an automatic assembly line in which a boat is placed on a conveyor means and is conveyed between various 
assembly stations in order to place, fix and/or contact the circuit components (16, 19, 21) on the boat, the boat is used as the baseplate 
(10) of the circuit module. When the circuit module is finished, the boat thus becomes part of a device where the module is built in. 
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Electronic Circuit Module and Method for its Assembly 

The present invention relates to an electronic circuit module, in particular to a circuit 
module for generating and/or processing radio frequency signals, and a method for its 
assembly. 

5 Conventionally, such circuit modules are assembled in automatic manufacturing lines 
using so-called boats, flat carrier plates whose external shape is adapted so as to allow for a 
steady and safe transport on a conveyor device of such an assembly line, and which are 
used to mount thereon a baseplate on which the circuit components of a finished circuit 
module will be fixed directly or indirectly. 

10 

An example for such a conventional boat is shown in a plan view in Fig. 1. The space 
available on such a boat 1 for fixing a baseplate 2 (i.e. the area of the baseplate itself) is 
limited, so that when manufacturing RF hybrid circuits, in general, only circuit 
components which actually process a RF signal are arranged on the baseplate 2. Circuit 

15 components processing lower frequency signals, providing supply voltages for the RF 
hybrid circuit, etc., are usually located outside the baseplate 2. The baseplate 2 therefore 
requires a plurality of isolated feedthroughs 4 for voltage supply and/or signal exchange 
with a circuit board on which the baseplate will be mounted in a finished circuit module. 
These feed throughs are arranged in the baseplates 2 according to a pattern specific for an 

20 individual hybrid circuit. 

Such a baseplate must be held absolutely tight and fixed on the boat 1, so that the 
individual circuit components may be placed on it and contacted with the required 
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precision. For this purpose, the boat 1 conventionally has a machined cut-out 3 at its upper 
side, which is shaped so that the baseplate 2 may be placed in it with a clearance. At the 
edge of the cut-out 3, there is a plurality of metal pins 5 referred to as "mushrooms" 
inserted into the boat 1, which provide an exact abutment for positioning the baseplate 2. 
5 Further, at the edge of the cut-out 3, a plurality of gripping claws or blocks 5 is arranged, 
which, urged by a spring, press the baseplate 2 against boat 1 from above. Below each feed 
through 4 of the baseplate 2, the boat 1 must have a recess, which is able to receive a free 
end of a conductor held in feed through 4. Two windows 7 are provided for mounting 
hollow waveguides for feeding and/or carrying off RF signals. 

10 

Since the shape of the cut-out 3, the recesses formed therein and the location of the 
mushrooms 5 and of the blocks 6 is usually specific for each hybrid circuit to be 
manufactured, special boats must be produced for each manufacturing task. A high 
precision of the boats is required, since the bottom of the cut-out must have a very good 
15 flatness in order to prevent a baseplate held on it form tilting during the placing process, 
and the mushrooms must be positioned very exactly in order for an exact placement of 
circuit components on the baseplate to be possible. 

Since for a predetermined manufacturing task, according to the size of the manufacturing 
20 line, several hundred boats must be provided, the costs of these contribute significantly to 
the total manufacturing costs. 



In order tc be able to test or balance circuits after assembly, it is necessary to separate them 
from the boat, since otherwise the signal and supply ports at the feed throughs 4 are not 
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accessible. This increases the manufacturing effort additionally. Since the arrangement of 
the feed throughs 4 varies from one type of baseplate to another, either a type-specific tool 
is required for contacting the ports, or the required contact must be made individually for 
each feed through. The first possibility is expensive, the other is time-consuming. 

5 

The object of the present invention is to provide an electronic circuit module and a method 
for manufacturing such a circuit module, which allow for economic manufacture with high 
precision on an automatic manufacturing line independently from the size of a 
manufacturing batch. 

10 

The object is achieved on the one hand by a method, according to which a boat is placed 
on a conveyor means and is conveyed between various assembly stations of an assembly 
line for placing circuit components on the boat, fixing and/or contacting these, wherein the 
boat is used at the same time as a baseplate of the circuit module. I.e., instead of 
15 conventionally fixing a baseplate on a boat, mounting circuit components on the baseplate, 
and after mounting, separating the baseplate from the boat, the method according to the 
present invention requires no baseplate as an element separate or separable from the boat, 
since the same component, which during assembly fulfils the guiding and conveying 
functions of the boat will after assembly form the baseplate of the finished circuit module. 

20 

Although it might be expected that such a method might lead to increased costs, because 
each boat transits the manufacturing line only once and must then be replaced by a new 
one, careful reasoning shows that with the method according to the invention, considerable 
economies are to be achieved. The reason for this is that with the method of the invention, 
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all cost-intensive steps of adapting a raw boat to a specific manufacturing task by ma- 
chining, placing the mushrooms, etc. are no longer required. The material costs for the boat 
used as a baseplate according to the invention may be slightly higher than those of a 
conventional base-plate of increased size, but this is hardly important. A further potential 
5 for economies is achieved since according to. the method and the circuit module of the 
present invention, cost intensive feed throughs can mostly be avoided. 

The individual circuit components are preferably not mounted directly on the baseplate, 
but by one or more circuit substrates. In particular in case of radio frequency components, 
10 which must be placed with strict position tolerances, it is preferred to first fix the circuit 
substrate to the surface of the boat and then to place the circuit components on it. In case of 
circuit components having less strict requirements concerning the exactness of their 
placing, in particular concerning components for low working frequencies, it is also 
possible first to place the circuit components on the substrate and then to fix it as a unit on 

■ • * 

15 the boat. 

Substrates of various types may be used, e.g. conventional printed circuit boards, in 
particular for a component having a low working frequency, or ceramic substrates, in 
particular for RF circuit components. 

20 

In order to make such a printed circuit board with components placed on it compatible with 
the cleanness requirements for a later mounting of RF components on the same boat, it is 
preferred to carry out a washing process of the circuit board with the circuit components 
mounted on it, either before mounting it on the boat or together with the boat. 
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The at least one substrate or the substrates preferably have a structure with internal 
conductor planes. These allow for signal connections to be placed on contact pads and to 
be contacted with other circuit members on the baseplate by wire bonding, instead of 
5 feeding them through the substrate and the baseplate. In this way, costs for the baseplates 
are saved, since expensive isolated feed throughs for the signals can be avoided; further, 
radio frequency and low frequency members of the circuit may be placed in close vicinity, 
whereby improvements in temporal behavior and signal quality of the circuit module can 
be achieved. 

10 

It is practical to arrange a substrate for RF components in a central region of the boat and a 
substrate for electronic components for low frequency operation in a peripheral region of 
the boat. In this way, a rather large surface is available on which the low frequency 
components may be placed at a small distance from the substrate bearing the radio 
15 frequency components, thus taking advantage of short signal paths. 

A further advantage of this embodiment is related to the fact that among the electronic 
components for low frequency operation, there are frequently some that are taller than the 
radio frequency components. If by accident a substrate having the radio frequency 
20 substrate located centrally turns over during manufacture, in general only the tall 
components for low frequency operation will come into contact with a support; the radio 
frequency components, however, are protected from contact with the support and, hence, 
from damage. 
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Further features and advantages of the invention become apparent from the subsequent 
description of embodiments given with respect to the appended drawings. 

Fig. 1, already discussed, shows a conventional boat for the automatic manufacture, which 
5 is equipped with a conventional baseplate; 

Fig. 2 shows a baseplate adapted for carrying out a present invention; 

Fig. 3 shows the baseplate of Fig. 2 with a printed circuit board having circuit components 
10 mounted on it; 

Fig. 4 shows an enlarged view of a portion of the circuit board from Fig. 3 in a later phase 
of the method of the invention; 

* * * 

15 Fig. 5 shows a schematic cross section of the circuit module of the invention; 

Fig. 6 shows a detailed view of a circuit module with a shielded RF circuit portion; and 

Fig. 7 shows a view of a baseplate according to a second embodiment of the invention, in 
20 the same state of manufacture as in Fig. 3. 

The invention is applicable in a conventional manufacturing line, not shown, having a 
conveyor means, in particular a band conveyor means, and a plurality of automatic devices 
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arranged near the conveyor means such as placing, soldering or test devices, dispensing 
devices for adhesives or the like, etc.. 

The baseplate 10 shown in Fig. 2 is an aluminium plate having a thickness of a few mm 
and an essentially rectangular outline. Longitudinal edges 11 of the baseplate converge 
towards each other in an end portion facing the viewer, so that at this end portion, the 
baseplate 10 deviates from the ideal rectangular form by being slightly tapered. This 
outline of the base-plate 10 facilitates the transition between subsequent band conveyor 
means of an automatic manufacturing line, if these are not exactly aligned with respect to 
each other. Two bores 12 in the forward region of baseplate 10 are provided as ports for 
receiving RF waveguides. Apart from this, the upper side of the baseplate 10 is perfectly 
level. The external shape of the baseplate 10 and its dimensions are dictated by the 
requirements of the manufacturing system in which it is employed. According to the type 
of the manufacturing line, the baseplate may have a shape different from that shown as an 
example in Fig. 2. On the other hand, with a given manufacturing line, only a single type 
of baseplate 10 will be used, regardless of the kind of circuit module to be manufactured. 

Fig. 3 shows the baseplate of Fig. 1 in an intermediate stage of the assembly method of the 
invention. A printed circuit board 13 is superficially fixed to the baseplate 10, e.g. by 
20 glueing. It covers the complete surface of the baseplate 10 except for narrow strips 14 at 
the longitudinal edges 11, which must remain free in order to be able to convey the 
baseplate 10 in the manufacturing line, and a peripheral cut-out 15 surrounding the bores 
12. On the printed circuit board 13, electronic SMD components 16 and a connector 27 are 
placed and soldered. 



10 



15 



s 
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The printed circuit board 13 has a multilayer structure, the bottom layer of which is a solid 
metal layer grounded by electric contact to the baseplate 10. On this metal layer, several 
layer pairs are placed, each of which is formed of an isolator layer and a structured 
5 conductor layer. The conductor layers are connected among each other and with the metal 
layer by vias (micro-vias) of the isolator layers, as required. Since such a structure is 
known as such, it need not be explained in further detail here. 

At the edge of the cut-out 15, several gold-plated bond pads 17 are located and are 
10 connected to circuit components 16 of circuit board 13 by its structured conductors. 

In order to assemble the circuit module according to the invention, the printed circuit board 
13 may be provided together with the circuit components 16 placed and contacted thereon 
as a pre-assembled component, which need only be placed on baseplate 10 by a so-called 

15 pick-and-place machine. However, it is also possible first to place the printed circuit board 
13 on the baseplate 10 without the components thereupon and then to equip it with the 
required components 16 and to solder these. In either case, it is practical to wash the circuit 
plate 13 before placing radio frequency components in the cut-out 15 thereof, in order to 
remove eventual residues from the soldering process or from other sources, which are 

20 incompatible with the cleanness requirements that have to be met when assembling radio 
frequency circuits. 

Fig. 4 shows, in an enlarged perspective view, the front region of baseplate 10 having the 
cut-out 15 in a later stage of the assembly of the circuit module. In the cut-out 15, ceramic 
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substrates 18, e.g. of alumina ceramics, are placed on which there are radio frequency 
circuit components 19. Like the circuit board 13, the ceramic substrates 18 have a 
continuous metalisation on the surface facing the baseplate 10, which is grounded by 
contact with the baseplate 10. A layer structure of the ceramic substrates 18 similar to the 
5 structure of the printed circuit board 13, with conductors embedded in the ceramic 
material, is conceivable, but is usually not required, because the number of components on 
the ceramic substrate 18 is usually smaller than that on the circuit board 13 and does not 
require conductors to cross each other on the substrate. 

10 Often, the necessity for crossings on the ceramic substrate 18 can be avoided by an 
appropriate lay-out of the conductors on the printed circuit board 13. 



The figure shows two ceramic substrates 18, each bearing two circuit components 19, but it 
is obvious that ceramic substrates and radio frequency circuit components may be placed 
15 in any number required for the circuit module to be assembled. 



When the circuit board 13 is placed on the base-plate 10 as a completely assembled, 
eventually cleaned component, the pick-and-place machine used therefore can in the same 
process step be used to place the ceramic substrates 18 and, on these, the RF circuit 
20 components 19. When the circuit board 13 is placed on the baseplate 10 without circuit 
components on it, and the circuit components 16 are arranged thereon afterwards, an 
assembly line may be preferred in which there is a first pick-and-place machine and a first 
soldering station for mounting the circuit board 13 and the circuit components 16, a 
washing station for cleaning the circuit board 13 together with the baseplate, and a second 
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pick-and-place machine and a second soldering station for mounting the substrate 1 8 and 
the RF components 19. 

After the ceramic substrates 18 have been placed on the baseplate 10 and the radio 
5 frequency circuit components 19 have been fixed to the ceramic substrates, the ceramic 
substrates 18 are contacted by wire bonding at bond pads 17 provided for this effect on 
both types of substrate 13 and 18, respectively. The circuit module thus assembled can now 
be tested immediately, without having to separate it from a support. 



10 The test may simply be carried out by connecting a test connector of a testing bench to 
connector 27 and examining the reaction of the circuit module to predefined test signals. 
Since the connector 27 may be the same for many different types of circuit modules and 
may always be mounted at the same place of the baseplate 10, it is easy to automate the 
connection to the test connector and, thus, the execution of the test. 

15 

A testing bench for the circuit modules may even be completely integrated into the 
assembly line in that circuit components to be examined are automatically supplied to the 
testing bench and after examination are automatically conveyed further to stations in which 
balancing or defect repair steps are carried out that have been found necessary in the test. 

20 

In the view of Fig. 4, particularly tall circuit components 21 are arranged on branches 20 of 
the printed circuit board 13 that extend along the sides of the cut-out 15. The purpose of 
this measure becomes apparent from the cross section of the circuit module shown in Fig. 
5. If an assembly accident causes the circuit module to turn over and to hit a flat support, 
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only the edges of the baseplate 10 and the outward corners of the circuit components 21 
can come into contact with the support. All circuit components inside the dashed line 22 of 
Fig. 5, in particular the RF components 19, do not touch the support and can therefore not 
be damaged, bent or otherwise impaired. 

5 

At the end of the assembly process, after mounting RF waveguides 23 in the bores 12, a 
metallic cover 24 may be mounted over the ceramic substrates 18 carrying the RF circuit 

i 

components 19, as shown in Fig. 6. In the embodiment shown here, the cover 24 has its 
side walls in direct electrical contact with the metal of baseplate 10, and for feeding 
10 through the bond wires 25 between the bond pads of circuit board 13 and the ceramic 
substrates, slots 26 are formed in the side walls of cover 24. A similar cover might instead 
be placed over the complete baseplate 10, so as to shield the low frequency circuit 
components 16, 21 from the environment, too. 

15 The finished circuit module may now be mounted in a device, eventually together with 
other modules or circuit components. 

Evidently, there are applications where the complete surface of a boat is considerably 
larger than the surface which is required for all circuit components of the application. In 
20 such a case, it is useful to assemble several circuit modules simultaneously on the surface 
of one boat and to separate these from one another after the end of assembly. For this 
purpose, it is particularly appropriate to use a multi-part boat, as shown in Fig. 7 in a stage 
of the circuit assembly similar to that of Fig. 3. The boat 10 of Fig. 7 is made up of two 
parts, a front part 10a, which comprises the converging portions of the edges 11, and a rear 
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part 10b, whose area is exactly rectangular here. In order to emphasize the two-part 
structure of the boat 10, a gap 27 is shown between the parts 10a, 10b in Fig. 7, but 
preferably, the two parts abut directly against each other. A solid connection between the 
two parts 10a, 10b is achieved by cementing thereon a one-part printed circuit board 13. 
The circuit board 13 is made up of two sections 13a, 13b covering the parts 10a, 10b, 
respectively, of the boat, and between which a breaking line is formed along gap 27, e.g. 
by a plurality of bores or by a scratch. On the two parts 10a, 10b of the boat, two identical 
circuit modules are built up during assembly, and after assembly, these are separated from 
one another simply by breaking along the breaking line, so that they can be built into 
different devices. 

Of course, the boat may also be divided into three or more parts, and the division may 
extend not only transversely to the conveying direction, as shown here, but also parallel to 
it. 
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CLAIMS 

1. A method for assembling an electronic circuit module comprising a baseplate (10) 
and circuit components (16, 19, 21) mounted on the base-plate, wherein a boat is placed on 
a conveyor means and is conveyed between various assembly stations in order to place, fix 
and/or contact the circuit components (16, 19, 21) on the boat, characterized in that the 
boat is also used as the baseplate (10) of the circuit module. 

2. A method for assembling an electronic device having at least one circuit module 
comprising a baseplate (10) and circuit components (16, 19, 21) mounted on the baseplate, 
wherein a boat is placed on a conveyor means and is conveyed between various assembly 
stations in order to place, fix and/or contact the circuit components (16, 19, 21), 
characterized in that the boat is built into the electronic device as the baseplate (10). 

3. A method according to claim 1 or 2, characterised in that at least one circuit 
substrate (13, 18) is fixed to a surface of the boat (10) and is then equipped with circuit 
components (16, 19, 21). 

4. A method according to claim 1 or 2, characterised in that at least one circuit 
substrate (13) is first equipped with circuit components (16, 19, 21) and is then fixed to a 
surface of the boat (10). 

5. A method according to one of the preceding claims, characterized in that as a first 
type of circuit substrate, a printed circuit board (13) is fixed to the boat (10). 
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6. A method according to one of the preceding claims, characterized in that as a 
second type of circuit substrate, a ceramic substrate (18) is fixed to the boat (10). 

7. A method according to one of the preceding claims, characterized in that on a first 
circuit substrate (13) of the boat (10), electronic components (16, 21) for low frequency 
operation are soldered, that the first circuit substrate (13) is then cleaned, and that then 
radio frequency components (19) are mounted on a second circuit substrate (18) of the boat 

(10). 



8. A method according to one of the preceding claims, characterized in that a substrate 
(13) for electronic components (16, 21) for low frequency operation and a substrate (18) 
for radio frequency components (19) are contacted by wire bonding. 

9. A method according to one of the preceding claims, characterized in that a substrate 
(18) for radio frequency components is mounted in a central region (15) of the boat (10) 
and a substrate (13) for electronic components (16, 21) for low frequency operation is 
placed in a peripheral region (20) of the boat (10). 

10. A method according to one of the preceding claims, characterized in that a test of 
the circuit module is carried out in a state mounted on the boat (10). 



11. A method according to one of the preceding claims, characterized in that after 
assembly of the circuit components (16, 19, 21), a shielding cover (24) covering at least 
certain ones of the circuit components (19) is mounted on the boat (10). 



> 
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12. A method according to one of the preceding claims, characterized in that a plurality 
of preferably identical circuit modules is assembled using a single boat (10) as a common 
baseplate, and that afterwards the individual circuit modules are separated from each other. 

13. A method according to claim 12, characterized in that a boat (10) formed of plural 
separate parts (10a, 10b) is used, and that on each part (10a, 10b) a circuit module is built 
up. 

14. A method according to claim 13, characterized in that the parts (10a, 10b) for 
assembly of the circuit modules are connected by a common circuit substrate (13). 

15. An electronic circuit module having a plurality of circuit components (16, 19, 21) 

arranged on a baseplate, characterized in that the base-plate is designed as a boat (10) or 

. . ♦ 

part (10a, 10b) of a boat (10) for an automatic conveying and/or placing system. 

16. An electronic circuit module according to claim 15, characterized in that the 
baseplate (10, 10a, 10b) is essentially rectangular and has two opposite edges (11) which, 
in the vicinity of one of their ends, converge towards each other when approaching said 
end. 

17. An electronic circuit module according to claim 15 or 16, characterized in that the 
circuit components (16, 19, 21) are held on the base-plate (10, 10a, 10b) by at least one 
substrate (13, 18). 
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18. An electronic circuit module according to claim 17, characterized in that the 
substrate (13) has internal conductor planes. 

19. An electronic circuit module according to claim 18, characterized in that the 
substrate (13, 18) has an external surface facing the base-plate (10, 10a, 10b) that has a 
grounded metalisation. 

20. An electronic circuit module according to one of claims 15 to 19, characterized in 
that at least one substrate is a printed circuit board (13). 

21. An electronic circuit module according to one of claims 15 to 20, characterized in 
that at least one substrate is a ceramic substrate (18). 

22. An electronic circuit module according claim 21, characterized in that the ceramic 
substrate (18) is directly contacted to a printed circuit board (13) by bond wires (25). 

23. An electronic circuit module according to one of claims 15 to 22, characterized in 
that a substrate (18) for radio frequency components (19) is arranged in the central region 
of the base-plate (10, 10a, 10b), and a substrate (13) for electronic components (16, 21) for 
low frequency operation is arranged in a peripheral region of the baseplate (10, 10a, 10b). 
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24. An electronic circuit module according to one of claims 15 to 23, characterized in 
that a substrate (18) for radio frequency components (19) is arranged in a cut-out (15) of a 
substrate (13) for electronic components (16, 21) for low frequency operation. 

25. An electronic circuit module according claim 24, characterized in that the cut-out 
(15) is open-edged. 

26. An electronic circuit module according to one of claims 15 to 25, characterized in 
that electronic components (21) "for low frequency operation are arranged so as to prevent a 
contact between radio frequency components (19) and a support in any position of the 
circuit module. 
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